This study is an experimental investigation of heat transfer performance of rotating heat pipe. The experiments are performed for a rotating heat pipe and a no heat pipe. The geometry of the two pipes is the same. The test conditions of the two experiments are the same too. The temperature distributions along the evaporator and the condenser of the two pipes are measured by the platinum platinum-rhodium thermocouple. The comparison with the experimental measurements shows the temperature different between the evaporator and the condenser of rotating heat pipe is much smaller than no heat pipe.
Introduction
Rotating heat pipes are highly effective two-phase heat transfer devices that utilize the centrifugal force produced by the rotation to drive the working fluid in these devices. The heat transfer through the heat pipe is achieved by evaporating the working fluid in a high temperature evaporator section, and then condensing it in a lower temperature condenser section as shown in figure 1. Rotating heat pipes can be classified as radial or axial depending on the configuration of the heat pipe relative to the direction of rotation or the centrifugal force. In radial rotating heat pipes, the evaporator and condenser are separated in the radial direction so the centrifugal force is parallel to the liquid flow to drive the liquid condensate from the condenser to the evaporator. In axial rotating heat pipes, studied here, the evaporator and condenser are separated in the direction parallel to the axis of rotation so the centrifugal force is normal to the heat pipe axis. The liquid flow is driven by a hydrostatic pressure gradient in the film caused by the centrifugal force in a cylindrical heat pipe or by the component of the centrifugal force parallel to the liquid flow if a taper is used on the inner surface. In both cases, the vapor flow is driven by a pressure difference in the vapor that develops between the evaporator and condenser [1] .
Fig. 1 Schematic of rotating heat pipe
First discovered by Gray [2] , rotating heat pipes are composed of a cylindrical shaft containing the working fluid: the vapor flow is driven by the pressure difference between the evaporator and the condenser, while the return of the liquid is carried out through a hydraulic pressure gradient in the film caused by centrifugal forces due to the rotation of the pipe. Recently, Gavin Barnes [3] studied the design and application considerations for a high speed rotating heat pipe. In his research, a next generation heat rig capable of achieving 10,000 RPM was designed and fabricated to simulate the high temperature and angular velocity histories of turbine blades. The first phase of the design consists of a tubular shaft specimen aligned with the axis of rotation that allows for coolant to be internally passed. The heat pipe is externally heated with NiCr resistive wire, and the rotation of the shaft is facilitated by a digitallycontrolled motor. In order to overcome the design challenges of this system, many of the obstacles concerning mechanical strength, rotor dynamics and thermal control were encountered. Developing life estimates, carrying out modal analysis to guard against low critical speeds, implementing accurate temperature control, and so on, were important considerations. Preliminary experiments were carried out on the device to determine the performance of the system. HE Chuan [4] conducted an experimental study of heat pipe rotating about parallel axes. The entire pinfin of non-contact thermal resistance was used in the cooling section of the heat pipes. The experimental liquid filled volume range from 10% to 25%, and heat flux density range was 7×10 3 W/m 2 to 5.3×10 4 W/m 2 . A cooling current of air was formed by the heat pipe rotation. The Reynolds number range was 2.3×10 3 to 1.2×10 4 . The experimental results indicate that the heat transfer performance of the heat pipe was the best when liquid-filled volume reached 20%. The heat transfer capability strengthened gradually along with the increasing rotational speed. The change of the heat power had little impact on the heat transfer performance of the heat pipe. It was found that the absorption liquid core was of little use to the heat transfer performance of the heat pipe. Under the same conditions, the heat transfer performance of the parallel rotating heat pipe was 1.5 times that of co-axial rotating heat pipe.
The objective of this study was to examine the heat transfer mechanism of stepped rotating heat pipes at low rotational speeds. The experiments were performed for a rotating heat pipe and a no heat pipe. The two pipes were the same size. The test conditions were the same. The temperature distributions along the evaporator of the heat pipes were measured using infrared thermograph. The experimental facility and the heat pipes tested are described in the next section.
Experimental methodology
The rotating heat pipe and the no heat pipe were tested using the facility shown in Figure 2 , also used in Song et al [1, 5] . The heat pipe was fit inside a Teflon sleeve that was then pressed into stainless steel tube supported by two self-aligning bearings, and driven by a motor capable of rotational speeds up to 400 rpm. The evaporator of the rotating heat pipe was heated using a resistance induction heating unit that had a 300 mm long heating coil. The total length of the hollow working section in the heat pipes encased by the resistance coil (the evaporator section) was approximately 300 mm. there were five temperature measurement holes in the heater. The heat transfer through the heat pipe was removed from the end (the condenser section) by flowing cooling air through a plastic jacket that encased the condenser. The length of the condenser section that was cooled by the flowing air in the jacket was 100 mm. The air flow to the jacket was provided using a fan. The fin radiator was using into the condenser of the rotating heat pipe. The temperature of the surface of the evaporator was measured by the infrared thermograph. A date collector was using to collect the wall temperature of the evaporator. The conditions of the no heat pipe were the same with the rotating heat pipe. A comparison between the temperature of the surface of the no heat pipe and rotating heat pipe was given. The experiments were performed for the rotating heat pipe and no heat pipe. The working fluid of the rotating heat pipe was ammonia. Working fluid loading was 40g. The no heat pipe was the same size as the rotating heat pipe. The only difference between rotating heat pipe and no heat pipe was working fluid (the no heat pipe had no working fluid). Both pipes had cylindrical adiabatic and evaporator sections. The axial temperature distributions along the pipes wall were measured using five miniature thermistors embedded in the wall, while the temperature distributions of the flow in the core region were measured using three thermistors embedded through the wall into the center of the core at the positions. The thermistor wires were connected to the rotor terminals of a high-speed slip ring that was mounted onto the evaporator end of the heat pipe. The resistance outputs of the thermistors were measured on the stator side of the slip ring using a multimeter. The contact resistance of the slip ring during operation was on the order of 10 -3 Ω, which was much smaller than the resistance outputs of the thermistors that were typically 10 -3 -10 -5 Ω. The thermistors were calibrated prior to being installed in the heat pipes using the RTD thermometer with the uncertainty of 0.025 similar to the thermocouples above, yielding a calibration with an uncertainty of approximately 0.25 for the temperature range of interest here.
Non-intrusive measurements of the wall temperature distribution were also performed independently using a thermal imaging camera. The camera had a resolution of approximately 0.55mm and an accuracy of 1 in the temperature range 0-100 and 1% of the actual readings for temperatures above 100 [1] . The measurements suggested that the average of the wall temperatures measured at the two points in the evaporator section with the thermistors were representative of the wall temperature of the evaporator section. The condenser section was encased by the cooling air so the wall temperature distribution in that section could be measured using the thermal imaging camera too. Specifications of the test pipes and test conditions were given as Table 1 
Results and discussion
The variation of the wall average temperature of evaporator and condenser of rotating heat pipe around time are shown in figure 3. There were five temperature measurement points in the evaporator and three temperature measurement points in the condenser. The temperatures shown in figure 3 are the average temperatures. As shown in Figure 3 , the wall average temperature of evaporator and condenser of rotating heat pipe increase with time. At the beginning, the wall average temperature of the evaporator and condenser are 20 , equal to the environment temperature. The evaporator is heated by the heater. The temperature of evaporator rise around time. At the same time, the temperature of condenser of rotating heat pipe rise too. According to the highly effective heat transfer ability, the heat transfer through the rotating heat pipe is achieved by evaporating the working fluid in a high temperature evaporator section, and then condensing it in a lower temperature condenser section. The temperature of the evaporator tends to stable at last because the heat loss of the heater. At last, the temperature of the evaporator of rotating heat pipe is 48 and the temperature of the condenser of rotating heat pipe is 44 . The temperature different of the evaporator and the condenser of the rotating heat pipe is 4 .
The variation of the wall average temperature of evaporator and condenser of no heat pipe around time are shown in figure 4 . The same as rotating heat pipe, there were five temperature measurement points in the evaporator and three temperature measurement points in the condenser. The temperatures shown in figure 4 are the average temperatures. As shown in Figure 4 , the wall average temperature of evaporator and condenser of no heat pipe increase with time too. As the same, the evaporator is heated by the heater. The temperature of evaporator rise around time. Because the no heat pipe without any working fluid, the heat transfers ability is very low, the temperature of the condenser of no heat pipe rise very slowly. At last, the temperature of the evaporator is 57 and the temperature of the condenser of is 30 . The temperature different of the evaporator and the condenser of the no heat pipe is 27 and much larger than the temperature different of the rotating heat pipe. That means the heat transfer through the rotating heat pipe is larger than the no heat pipe. 
Conclusion
In this paper, the heat transfer performance of stepped rotating heat pipes at low rotational speeds was investigated. The experiments were performed for a rotating heat pipe and a no heat pipe. The two pipes were the same size. The test conditions were the same. The temperature distributions along the evaporator and the condenser of the two pipes were measured. The temperature different of the evaporator and the condenser of the rotating heat pipe is 4 . And the temperature different of the evaporator and the condenser of the no heat pipe is 27 . A comparison between the test results of the two pipes showed that the temperature different of rotating heat pipe was smaller than no heat pipe. According to the highly effective heat transfer ability, the heat transfer through the rotating heat pipe is larger than the no heat pipe. That means the rotating heat pipe can solve the heat problem of the rotating question.
